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1.1. TLP System Overview

The Tension Leg Platform (or TLP) has been used for deepwater oil and gas field developments
for over 40 yearsThe first TLP was installed by Conoco in 1984 at the Hutton Field in the United
Kingdom (UK) Sector of ti@entral North Searhis TLP was installed in 486 feetter depth

Since 1984, there have been an additional 26 TLPs installed worldwide, including 18 installations
in the United States Gulf of Mexico (GOM), two in the North Sea (in the Norwegian Skector),

in West Africa (two each in Angola and Equatorial Guinea), and one each in Indonesia and Brazil
The water depths for these TLPs range from 918 feet (beesated Oveng TLP in Equatorial
Guinea) to 5,200 feet (Chevranperated Big Foot TLP in the D

Approximately 67% of the TLPs installed to date have been located in the U.S. Gulf of Mexico in
water depths ranging from 1.450 feet to 5,200 feAtsummary of these TLPs are provided in
Tablel.1 and graphts showing the different hull types arehigurel.2.

Tablel.1-U.S. Gulf of Mexico TLPs

eld Operato ater Dep P ea

a C Orig a e pEe alleC
Jolliet Conoco 1,760 Four Column 1989
Auger Shell 2,860 Four Column 1994
Mars Shell 2,940 Four Column 1996
Ram / Powell Shell 3,214 Four Column 1997
Morpeth British Borneo 1,670 SingleColumnMini 1998
Marlin BP 3,240 Four Column 1999
Allegheny British Borneo 3,294 SingleColumnMini 1999
Ursa Shell 3,950 Four Column 1999
Typhoon Chevron 2,097 SingleColumnMini 2001
Brutus Shell 2,985 Four Column 2001
Prince El Paso 1,450 FourColumnMini 2001
Matterhorn Total 2,850 SingleColumnMini 2003
Marco Polo Anadarko 4,300 Four Column Mini 2004
Magnolia Conoco 4,674 Four Column 2004
Neptune BHP 4,250 SingleColumnMini 2007
Shenzi BHP 4,373 Four Column Mini 2009
Olympus Shell 3,028 Four Column 2013
Big Foot Chevron 5,200 Four Column 2018

Commred to other deepwater field development options, such as semisubmesisdded
Floating Production Units (FPUs), Classic / Truss Spars, or Floating Production Storage and
Offloading (FPSO) vessels, the TLP is umighat its design limits both the vécal (heave) and
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rotational (pitch and roll) motionsThis is accomplished by the use of multiple tendons
(sometimes referred to as tethers) that run vertically from the TLP to the seaflodrare
maintained under high tensioMhe tendons essentially kibthe TLP in a near static vertical and
rotational position at the sea surfac&Vith limited vertical and rotational motions, the designs

and operations of the TLP drilling and riser systems are similar to the conventional systems used
on fixed drilling ad production platforms.

Key components of the TLP altastrated inFigurel.1, and include:

1 Hull- A typical TLP hull will have a square configuration with four vertical columns connected
by a horizontal ringpontoon. Alternatively, themini-¢ [ t Q& KIF @S | aYl f f SNI ¢
with either a single central column or four closely spaced small columns, and an extended
submerged pontoon structure with 3 or four radiating pontoons to provide a substantial base
line for tendon attachmentin all cases,hte function of the hull is to provide buoyancy and
structural integrity to support the topsides and the production and export risers and tendons
It is critical that the TLP hull providmifficient buoyancyto suppat the total weight and
maintain the tendons at the necessary tension level for safe operation.

1 Topsides ¢ Topsides include all of the production, drilling, utility systems and
accommodations for the drilling and production of oil and.gagpsides argypical offshore
oil and gas facility muHievel decks, including both modular and integrated configurations.
Onceintegrated the deck and hullare structurally connected togetheand form a fully
integrated continuous floating structure.

1 Production Risers A keycapabilityof the TLRconceptis to provide sufficiently controlled
motions thatrigid top-tensioned production risers that support relatively conventional dry
surface production treesnay be usedThese risers are supported by the topsides (oit)hu
structure using a tensioning system (typically configured as multiple hydraulic or pneumatic
tensioners) that accommodates threlatively smallertical motionbetween the production
risers andhe TLP when subjected to wind, waves and currBiot all¢ [ t Q& A y O-2 N1J2 NJ
tensioned production risers with dry trees; a number of the riini t Q& LINE @A RS LINJ
from subsea wells and make use of the good motions characteristics to allow the use of a
small platformwith SCR risers potentially severe ea conditions, which would not be
possible with a conventional free floating platform.

1 Export Riserg Export risers are used to route the flow of processed oil and gas from the TLP
to a subsea pipeline systeraxport risers are either tofensioned rigidisers, similar to the
production risers, flexible risers (using flexible pipe), or the Sta¢¢naryRisers (SCRs), as
shown inFigurel.l. SCRs are steel pipes suspended in a catenary configuration from the TLP
to the seafloor allowing the TLP and riser to move independently without the need for a top
tensioning system.

1 Tendonsg Tendons are used to permanently moor the TLP to the seafloor, as well as to limit
the TLP horizontal excursions (or offset) and heesleand pitch motionsThe tendons must
always be ira specific range densionin order to maintairnthe stabilityand / or location of
the TLPTypically, there will be eight to twelve tendons for the four column hull configuration
(two or three tendors per column), and either six or eight tendons for thei-TLPhull
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configurations (with two tendons for each of the three or four horizontal legs). Tendons are

actually a system of integrated components that will be described in detail below.
 Foundationsc9 I NI @ ¢[t Qax AyOfdzRAy3a W2ffASG Ay (GKS

piled to the seafloor for securing the lower ends of the tend@tarting withMars, all GOM

¢[t Qa KI @vén vdaicd plleor eadh tendoras the foundationin other locations,

particularly where the soils differ from the typical GOM sediments, other types of foundations

have been usedlhese include large gravity based caissons and/or suction pile foundations
 Wellhead¢C2 NJ ¢ [t Q& {-tehsidnedirdardin® suifiaceiirgekhe wellhead for

eachwellis located on the seafloatirectly beneath the TLRNndisused to connect the riser

to the well casing system.

MULTILEVEL ..
- TOPSIDES

Y- ,
T'Il-ll-l'l‘m'f'"'“m_m

ﬁ

PRODUCTION
RISERS SCR EXPORT

= RISERS

\
.

WELLHEAD ‘ T,
TENSION PILE

Figurel.1- TLP Component&Ref.1)

Further details of the TLP, including its history and the various hull configurations, are
summarized irRef 1.
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Figurel.2 - TLPHull Types (Refl)
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1.2. Tendon System Overview

Tendons are key elements of the TORndons are usetb permanently moor the TLP to the
aSFFE22NE YR RS&aAIYSR (2 fAYAG GKS ¢[tQa K2N
pitch motions.

The omponents of a typical TLP Tendon system are illustratdelgarel.3. The components

listed from the hulldown to the foundationnclude:

1) Hull¢ Tendon Porclare structures located near the keel of a TLP fordtiag the tendons
They are typically stiffened plate structures, sometimes with a forged insert where the
tendon top assembly seats

2) Tendon TopgConnector Assemblgomprises thelendon Top Connectaa,flex joint,a Length
Adjustment Joint (LA3nd a lergth of pipe to allow the completed tendon to match the
measured water depthThe flex element allows the tendon to rotate with respect to the TLP
due to both misalignment of the tendons and the horizontal excursions of the TLP. The
Tendon Top Connectgrovides the final mechanical connection of the tendon to the hull
Additionally, most tendons have included a means to protect the top connector from
corrosion and possible damage from offshore operations (cables and fishing lines) in the form
of a steel cadilled with an inert fluid More recent installations have only provided a soft
glove lined with an arttorrosion gel.

3) Tendon Tension Monitoring System (TTMS$ used to measure tensions during the
installation processas well as to monitor the tensiomiring operation.

4) Tendon Main Bodyrepresents the longest section of the tendon system, with the actual
length depending on the water depth of the installation. In one case, this section is a
continuous welded pipe section whiakias fabricated ashore andowed to location and
upended (Jollie)Ly | f f &dzoaSljdzSyd Dha ¢[tQa>X GKAA L
multiple tendon joints, connected by mechanical couplings which are welded to the
assembled joints £ £ Dha ¢[t Qa &l NIrotayng mechadidal cduplsdyS NJ dza
based on a well casing couplingdese2 a1 2F GKS Dha ¢[t Qa dzaS ha
although more recently GMC has developed a similar coupling which they refer ta ab¢TC
length of each joint is determined by tHength handling capabilities of the installation
equipment Typical Tendon Pipes may range in diameter from 24 to 44 inches, and with wall
GKAOlYySaasSa NIy 3 A PWaicalTeNdryjointsdange fromilR0 ftmad30Q £ &
long.

5) Tendon Bottom Conrector Assembly comprises theTendon Bottom Connector that
incorporates an elastomeric flex element and the Tendon Extension.pieeeflex element
allows the tendon to rotate with respect to the Tendon Rilee to the horizontal excursions
of the TLP.

6) Tendon Pile andReceptaclethat provides the interface connection between tie@ndon
Bottom ConnectorAssemblyand the TendorFoundation For the case of the single pile
foundation, he TendonLower ConnectoReceptacle is welded to and installed with the
Tendon Pile For the case of the foundation template or gravity/suction caisson, the Tendon
Lower Connector Receptacle is incorporated into the structure.
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1.3. Tendon Design Philosophy

From the design perspective, TLP tendons are considered to be a criticahsysteprised of
non-redundant components, as a failure of a single component may result in the failie of
entire tendon Given both the relatively high tension loads carried by the tendons and their
proximity to the each other antb the production and gport risers, failure of a single tendon
may impose a significant risk of damage to the.Tkerefore, to minimize the risk of failure of
any tendon component, similardesign philosophy has been employed on most existing TLPs.

Key aspects of this dgsi philosophy include:

1 Tendons are designed for strength to both extreme and survival conditions, including 1000
year response design criterigith appropriate safety factors

1 Tendonsaredesigned to remain void (or dry) for the entire design. lifeis emoves internal
corrosion, and provides a means (through acoustic inspection or tendon response
characteristics) to monitor the health of the tendon.

1 Tendorsaredesignedo ensure that any flooding of the tendon (due to leakage from cracks
in the tendon ppe or connector) would occur prior to the total failure (or fracture) of the
tendon. Thisleakbefore-break approach assumes that the flooding of the tendon can be
detected with sufficient time for it to be retrieved (and ultimately replaced) prior to its
ultimate failure.

1 Tendon components are designed aminspectablé once in serviceThis requirement
implies that the components will be designed with an enhanced safety factor for fatigue,
typicallya minimum of10 times the designfé of the TLP.

1 Tendns and the entire TLP system are designed to withstand reduced extreme criteria with
one tendon missing/decommissioned to enable replacement of a damaged or faulty tendon.

T DA@SY GKS Sy R&nnhspactalllinghtiieicdripdnants deetb heRabricated
to a high quality standard, including enhanced inspection and documentation of all
componentsIn particular, the critical welds used to join the tendon pipgendon pipe and
tendon pipeto connectors would be subject to extensive NDastructie Testing (NDT)
including Ultrasonic Testing (UT), RadiographRr#}), and Magnetic Particlaspection
(MPI) of these critical welds.
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Figurel.3- TLP Tendon Componen{&raphic Courtesy of BIBE)
1.4. API RP2T
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The US standard for the design and fabrication of TLPs is API RP 2T. It was first introduced in
1987 and has had two revisions since then in 1997 and 2010. The third edition is currently in
use. In general terms the progression from tifeEdition to he 39 Edition is as follows:

1 1stEdition, 1987, a general consensus document highlighting the important issues to be
addressed as part of the design. There were 2 TLPs installed at the time this document
was developed.

{ 2ndEdition, 1997, made some genéwpdates and added section on fire and blast and
wind spectra and can be considered a minor update overall

! 39Edition, 2010, incorporated many changes and lessons learned over 20 years of
practice. The scope of the document was expan@ed a variety ohew topics were
addressed including survival criteria, a probabilistic scan, and robustness checks.

With respect to tendons the™ Edition had 10 pages of guidance and tffeRlition has about

30 pages of guidance. Among the changes were guidancedressing pipe strength criteria

to expand on the APl RP 2A approaches, a specific robustness check on the tendon system, low
cycle/highstress fatigue guidance and a greatly expanded commentary section. Many of these
changes specifically address lessomsried from the major hurricanes that affected the GOM

in the mid to late 2000s and tried to incorporate more guidance in the 2T document rather than
refer to other standards.
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2.4AT AT 1T 3UOOAI $AOAOEDOET I

The tendon system on BensionLeg Patform (TLP)s both part of the structure and a mooring
system The TLP is supported primarily by buoyancy, but is rigidly attached to the seafloor by the
tendon systemThe tendons, as long as they are in tension, provide rigid restraint agairisal
motions of thebuoyant hull, as well as performing station keeping against horizontal motions

Historically, depending on the TLP desigrio 16 tendons are used to make up the complete
system.

Il GSYyR2yQa TFTAYyIl { Ré&dehedkfquivedznts: O2 YLX & 6AGK

1) the tendon must maintain positive tension under all design extreme conditions;

2) the maximum stress in design extreme conditions must be less than design allowable
stresses;

3) the tendons must meet axial stiffness requirements to prevent excessive resonanavertic
responses (heave/pitch/roll);

4) the tendon pretension must be sufficient to meet horizontal offset requirements; and

5) the fatigue life of the tendon due to dynamic loading over its life must meet appropriate
safety factors.

The load path travels througbach component of an individual tendon to provide moorargl

motion restraint forthe TLPFrom the hull, the load path travels through the tendon porch and

into the Tendon Top Connector Assembly, which includes a flex element and a means for fine
adjusiments for length The Top Connector Assembly also contains the Tendon Tension
Monitoring System (TTMS) sensoBelow the Tendon Top Connector Assembly, the Tendon
alAy . 2Re& {SOGA2Y LINRPOARSA Y2adG 2F (KStf Syaidk
onnQ &aS3AySydazr FfOGK2dzZAK Ay &aSOSNIt Ayadalr et da
piece. The Tendon Pipe in this main body section may incorporate diameter and/or wall thickness
changes in order to maintain strength and stiffness requirementsle maintaining hydrostatic

collapse resistance and maintaining desired buoyancy characteribyipgally, each segment is
connected by the use of a special coupling which requires no offshore weldiadpottonrmost

segment of the tendon, the Botto Connector Assembly, incorporates a flex element and a
bottom connector which, when mated with the Tendon Foundation Receptacle, secures the
tendon to the tendon foundation.

TLP designs, including the hull and tendon system, have significantly adsamoethe first Gulf

of Mexico (GOM) installation in 198@ addition, with fuller understanding of the environmental
forces acting on the TLP, the design methodology and criteria for the TLP have been significantly
refined. Updated metocean (wind, wavadcurrent) conditions, improved hull configurations,

and historical events contribute to each TLP having unique design asHegtsver, there are
general features, including inspection methods, which are common to all TLPs

The following sectionkst the components of a tendon with common features and variations
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2.1. Hull z Tendon Porch

¢CKS FTANBG (G662 ¢[tQa Ay (GKS b2NIK {SI oldzidz2y
hawse pipes interior to the column, with the top connection made abovewheer line in the

dry, and a flex joint at the keel level inthe hawseplpéd f Dha ¢[t Q& G2 RI UGS dz
porches located externally on the hull near tkeel

Tendon porches are structures located near the keel of a TLP for attaching tenteihey are
typically stiffened plate structures, sometimes with a forged insert where the tendon top
assembly seatsThere are two general configurations for tendon porches, depending on the
tendon installation methods: open and closed porch configans.

Open (or side entry) porches are used when the tendon is installed with the vessel held on
location close to its final installation position and drdfhe tendon is connected at the seabed

by stabbing into the foundation receptacle, and then sgunto the porch with the full upper
connector already in plac&Vhen all tendons are #place, the connector is snugged up and the
vessel is deballasted to preload the tendons.

Closed porches are often used when the tendons areimstalled and are suppted by
temporary buoyancy module$he hull is floated over the tendons at shallow draft, and ballasted
down over the tendonsGuidelines to constant tension winches are used to ensure a proper
G G KNB I RA y IThé poion pf$hs Rehddré Top ContecAssembly that is on the vessel
side of the length adjustment joint, namely the slips, slip housing, flex element, and base plate,
is mounted on the porch in the fabrication yard, and the tendon top is threaded through this on
ballasting downA closedorch is inherently stronger and more resistant to disconnecting under
worst case conditions, but does make removing or replacing a tendon more difficult.

Figure2.1 showsimages of two porch designs.
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ClosedPorches

Open Porch Concept Image shows tendorduring
(Graphiccourtesy ofOSI) installation, with TTMS modules an
temporary buoyancy modules on
tendons
(Graphiccourtesy ofOSl)

Figure2.1 - Open & Closed Porch Desig Oil States Industries, Inc.)
2.2. Tendon Top Connector Assembly

The Tendon Top Connector Assembly (TTCA) is the most complex part of a teradms of this
part are shown irFigure2.2. The TTCMcludes the followingomponents

T

il
1
1

= =

= =

Connector (sliding slips or pivoting latch, slip/latch housing)

Flex Element

Base plate

Length Adjustment Joint (LAJ) a threaded or grooved forging used ttufieethe length by
engaging the slips at the appropriate location.

Tapered Transition section (matching the LAJ diameter to the tendon pipe diameter)
Length makeup pipe (the main body joints are all a standard length, the TTCA is used to
account for thefinal water depth, pile elevation, etdhe TTCA may be a different length for
each tendon)

Female half tendon pipe coupling

Corrosion cap (a corrosion apdhysicalprotection cap which covers the top of the LAJ, the
slips and slip housindt is usually @ or gel filled to provide corrosion protection to the
complex load bearing machined elements)

Tendon Tension Measuring System (TT§I3Bscussed in Secti¢h3,
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Pull-In Head

Length Adjustment Joint _
Connector Actuation Tool Conien Cip

Top Tendon Connector

TTMS Frame w/Load Cells
Top Tendon Section
Tendon Top Connector Assembly TTC Assembly with TTMS Load Cells
(Graphiccourtesy oBHGE) Note the LAJ is not present.

(Photocourtesy oiBHGE)
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{
|
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Llf.

Cross Section of Latching and

Flexing Portion of TTCA o v '
(Graphidrom US Patent LAJ andBlips/Latches Open
5899638) (Photocourtesy oBHGE)

Figure2.2 - Tendon Top Connector Assembly Images
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2.3. Tendon Tension Monitoring System (TTMS)

The Tendon Tension Monitoring System (TTMS) is an essential system for tAid&@ ORP is
different from a freely floating system in that the dradt a freely floating vessas a direct
measurement of the displacement of the system, and hence is a way to track the weighP

is more or less fixed in draft, and the main indicator of a change in weight is a change in the
pretension of the tendonsSincethe pretension must benaintained to a safe range, the weight
must be tracked carefully a part of the operation of the TA®such, the TTMS is used to track

or at least verify the weight and tendon ptension of the TLP

The TTMS may be comprised of porch based load beliwéen flex element and base plate), or
extensometers/strain sensors on the length make pipe Figure2.3 displays three different
TTMS load cell design configurations.
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Figure2.3- TTMS Load Cell Designs
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2.4. Tendon Main Body
2.4.1. Pipe

alAy ¢SyR2y . 2R@& LIALS A& GeLAOrtfte wné G2 ny
determined by the length handling capabilities of thiéshore installation vessel and equipment

This has ranged from ~100 ft. to ~30CFfipe joints from pipe manufacturers are typically-46D

ft. long, so tendon sections typically have 4 or 5 pipe joints welded together with a pin and box
connector halwelded on to each end.

There have beenwto design philosophies for tendon pipe regarding what the pipe weighs in
water:
1) Close to neutrally buoyant, with diameter/wall thickness ratio (D/t) of ~29.5
2) Smaller pipe/thicker wall to reduce drag load, provide greater resistance to hydrostatic
collap®, and reduce cost of couplings.

Either philosophy can include variable OD or variable wall thickness to account for increasing
pressure with depth, and either can include internal bulkheads to limit flooding compartment
sizes for deeper water depth®lost of the pipe for TLP tendons has been provided by Sumitomo
in Japan, or Europipe in Germany.

2.4.2. Couplings
¢CKS SINIASaAd ¢[tQa dzaSR aONBg GKNBIR O2dzZJ Ay 3
A0FNIAY3a gAGK ! dzZASNJ Ay negesed, hontelicl, grbdver thieqgdt Q& K
coupling derived from a casing connector which cannot comesanawed This was first
developed by Oil States Industries (OSI) for Shell Oil and known as the Merlin Ceapkigure
2.4), but has since been further developed by others (GNiEermediate Tendon Connecter
ITC) The pin and box, when first initially assembled, are limited to not engaging the last thread
due to the taper of each, and the interference of thedads A preliminary metato-metal seal
at the root and tip of the pin section allows the introduction of hjgiessure hydraulic fluid into
the threaded region, which squeezes the pin and stretches the box, allowing the connector pair
to be forced togeher to its final engagement positioRelaxing the hydraulic pressure allows full
engagement of the threads, which form a strong, wrotating bond Ideally, the connector is
reversible, but disassembly has not been attempted on any tendons after yealecan The big
concern in removal is the ability of the seals to hold hydraulic pressure after years of exposure to
seawater.
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Figure2.4 - Merlin Tendon Coupling®© Oil States Industries, Inc.)

2.5. Tendon Bottom Connector Assembly (TBCA)

The Bottom Connector Assembly (TBCA) includes a malefllaéf pipe couplinga short length

of tendon pipe, a taperettansitionelement for diameter change from the main body section to
a forging connecting to thélex elanent, the flex element, and a bottom connector which
matches the pile receptacle.

There are several styles of bottom connectors, With two designs dominaigthe field. In the

GOM, only Jolliet used a owwdf design, a plug end which was lowered andpd into a side

entry receptacle All others since then (GOM and worldde) have used either a rotlatch
O2yOSLIi RSYSt2LISR o0& {KSff IyR NAYSYaRyySOi
developed by Vetco (now BakerHugHeE) Both connector stles were developed to freely stab

into the receptacle and automatically latch, and disconnect by lowering the connector an
additional amount (approximately 1 meter) and then retrieving without any other intervention
Figure2.5 shows diagrams of the TBCA design.

Following the loss of the Typhoon TLP which disconnected in the peak of hurricane Rita, many of
the designs have incorporated a further latching mechanism which prevents disconnect even if
the tendon goeslack and drops in the receptacle.

Energo Engineerirffg601 Jefferson Strfiétouston, TX 77002 WSkI:(713) 7539907 Fax: 713534548
Www.energoeng.com




Integrity Management Process of Tension Leg Platforms

Pagel7

BSEEProject Number: E17PC00018 September 2018

NN
ﬂ
NN

Load Ring (snap ring)

Receptacle

//
N
<
2\
\s

N Flex Element
\ N

N

N

SRR

/i
W

Taper section

—
Above- EarlyShap Rng
Type TBC CrosZction in
Receptacle
(Graphiccourtesy oBHGE)

(© Oil States Industries, Ing

Right- RotolatchType
TBCA in Receptacle
(Graphiccourtesy ofOSl)

Figure2.5 - Diagrams Showing TBCA Designs

2.6. Tendon Pile and Receptacle
Ly Y2aid Dha ¢[tQa IFA4SNI w2fifASi |yR

I dzZ3 S NE

independentpile which includes an appropriate connector receptacle at its fdp12 tendons

on Jolliet are connected to a single foundation template which was set on bottom

and piled to
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the seabed with 16 pile§he Auger foundations are separate for each cornehefTLP, each
template having 4 piles for attaching to the seabed and supporting 3 tendons.

The deepwater Gulf of Mexico soils are generally deep siliceousilts and clays, which are well

suited to underwater pile driving F 0 SNJ RNRA GANVE 35  (2KZES N3 20AMY Sa KKS/ R R
holding power In other areas of the world which contain calcareous sands, or rocky substrates,

other TLP foundations have been used or considered, including gravity bases, combination
gravity/suction piles, and drilled dgrouted piles

¢ KS RNAGSY TF2dzyRIFGA2Yy LAfcHT ¢ F RN DISal SNEt @ F R NI
ft. long. The receptacles are generally-804 ¢ RA I YSGSNE Iy R I|-MtEBhoO2y FA 3
snap ring connector stylgsee Figure2.6). If the pile and receptacle are differing diameters, a

tapered transition is used between thefecause of the stresses during pile driving, and because

they are not easily inspectable, the piles and receptaclesganerally designed to operate at

much lower stresses that the tendon itself, and haeey longfatigue lives.
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Figure2.6 - Piles with receptacles attached’he CP anode sleeves shown are installed after
pile driving. (Photo courtesy of ENI)

2.7. Tendon Coatings and Cathodic Protection (CP) System

Tendons have typically baprotected from corrosion by a combination of coatings and cathodic
protection.

2.7.1. Coatings

The coatings vary by the sections of the tenddine main pipe sections are usually coated at the
pipe mill or at pipe paint shofhe top and bottom assemblies are specialized components and
are coated by the manufacturer.

2.7.1.1. Tendon Top and Bottom Assembliesand Individual Pipe Joints
The machined sectianare critical for tolerances, and have included the following coatings:
1 Xylan (fluoropolymer),
1 Thermal Sprayed Aluminum (TSA),
1 CeramKote (ceramic particles is a resin coating),
The pipe sections and fabricated steel components typically have the foawatings:
1 FBE (fusion bonded epoxg),
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1 FBE combined with PE (polyethyleonejer layer for abrasion protection

2.7.1.2. Main Body Sections
For the main body sectionthe first TLP in North S€glutton) hada Thermal Sprayed Aluminum
(TSAroating AlloftheD h a  ¢Hawvef(ision bonded epoxy (FBE), or a thlager polyethylene
(PE) coating which includes a first layer of FBE, a PE adhesive, and PE as the fif&lelayer
individual pipe joints are originally coated at the pipe mill or coating contradtoe couplings
and weld joints are field coated at the fabrication yard.

2.7.2. Cathodic Protection

There have been two general approaches to cathodic protection (CP) of tendons:

1 distributed anodes on the tendon (mounted on one of the couplings on each tendor), joint
or

1 clustered anodes on the hull and on the pile to protect the tendon, protecting the tendon
from both ends This is similar to how pipelines are protected with anodes spaced opdo
mile apart.

The anodes at the pile are typically mounted on a ste@wound the top of the pile or on a sled

beside the pile in order to avoid damage to anodes during pile dritiingll cases, since the flex

joints are an electrical isolating element, there is a jumper cable top and bottom to connect the

tendon to the ple and to the hull

2.8. Tendon Inspection

Although designed as uninspectabl& $ FANBRG FSg ¢[t Qa 6SNB RS&aA3
with access ports for dry access through the TH2Avever, these have never been utilized, and
FEf ¢[t Qa alinyiaies this fdafise, wKith @rBvides one fewer failure point.

Further, as new inspection technologies are developed, new abilitiexaminethe condition
can ensure the ability of the tendon to perform as required through the design life or during a
life extension These new inspection technologies are discussed in more detadctiort.
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3.#000AT O )T AOOOOU 4AT AT T YT OACcOEOU
As part of this project, merators of most of the TLPs in the GOM were taoted and a
conference call set up to discuss:
1 their tendon design,
1 howthey maintaintendonintegrity,
T 6KSGKSN) 1KS2 Q@S O2yaARBNBR tAFS SEGSyarzy
1 howtheir tendons are monitored and how that data is used.

The information fom these dscussions has been compiled with the idea of identifying common
practice for GOM operators andny significant differencesin these practicesacross the
operators This information is useful to understand how operations are typically carried out with
respect to tendons, and where there may not be a common practice for a particular activity what
range of practices are used. The following sections summarize these findagson3.5
provides a more detailed breakdown of the gtieas asked, the common answers and some of
the unique answers provided.

3.1. Tendon IM Philosophy

Historically, the tendon Integrity Management (IM) philosophy has been driven by the tendon
design philosophy. Tendon design philosophy has been driven by tvoeptsn 1) lealbefore-
break and 2) tendon pipe is weaker than tendon couplings.

Theleakbefore-breakconcept meanshat the tendonis designed so it canithstand a through
thickness crack, leading to a leak which can be detected prior to the crackdirgao a size

that would lead to failure of the tendon. To meet this criterion, stringent specifications for
materials and fabrication are needed so that crack propagation characteristics are well
understood.

The tendoncouplings aredesigned to bestronger than the tendon pipeso that the crucial
mechanical couplers are not a failure point. Part of the reason for this approach is that the
performance of these connectors is difficult to inspect and monitor over the service life and
attention can be focusd on the tendon pipe which is more straightforward to inspect and
monitor.

These key design approaches drive inspection prioritiegeetthiques. The overall approach to
tendon IM has been regular overall visual inspections to identify gross damaggall@ondition,

and performance of the cathodic protection system and coatiagsl leak detectionGenerally,
inspection is the primary means of detecting through thickness cracks that may result in leaks,
sincethe TTMS are typically not sensitive enbug detect partial flooding of a tendon.

3.2. Tendon Performance History

The most common tendon performance issue across the industry is failure or reduced
performance of the TTMS system which is discussed in detail in the following s&eion3.5
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describes some of theommon anomalies that could be or have been found on various tendon
components.

Ly GKS on @&SIFENR GKIFIO ¢[tQa KIFI@S 0SSy RSLX 2@
observations of the following types of dage to TLP tendons:

Dents and scrapes during handling, transportation, and installation.

Loss of tendons during transportation (one piece welded tendons during tow, sank and

collapsed due to water depth).

1 Loss of tendons during installation (loss of buwg modules during prenstallation of
tendons prior to TLP hull installation).

1 Mooring/tow line scrapes during field life, typically causing coating loss and minor surface
damage to the steel.

1 Flooded tendon (in West Africa) which likely may have been wuéeaking during
installation.

1 Loss of platform and all tendons due to tendon disconnect following slack condition due to
exceedance of design condition and/or interaction with drifting drill rig.

1 Flex element rubber failure, similar to early riser flmint failures Combination of
temperature, stresses during service, and rubber quality con®Rabber extruding from
between steel shim layers, resulting in loss of height of flex element and increasing and
difficult to predict bending stiffness changes.

1 Failure of TTMS sensors due to failed sensors and failed cabling/connectors. (This is chronic

FT2NI YIye ¢[t Qavd

)l
)l

Overall, the history of tendon performance in the US GOM has heed; howeverfailure of

the bottom connectors on Typhoon during HurricarieaRlid lead to loss of the tendon system

and capsized the hull. This emphasizes the critical nature of the tendon systems and the real
potential for significant damage if all the components are not functioning properly

Industrywide, the most common amalies found on TLP tendons has been debris becoming
entangled in various locations including at the top connections, among TTMS cabling, and within
strakes. Coating breakdown is also a common occurrence as the facilities age, and in some cases
abrasion @mage to coatings has been noted.

More unusual is flooding of the tendons and breakdown of flex connectors. One report, not in
the GOM, has been made of a flooded tendon segment but no cause of that flooding has been
identified, it has not progressed, drthat the water may have been present since installation.
Significant breakdown of the flex bearing elastomer in the top connection has been identified at
the Allegheny facility anthese have all beereplaced. This is not believed to be a widespread
isaue, though degradation of these connectors is a potential i factor to be considered

for all TLPs.
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3.3. Tendon IM Activities and Frequencies

General practices within the GOM TLP fleet are similar. General visual inspections are used via
ROV toidentify gross damagereview overall condition, andnonitor the performance of the
cathodic protection system and coatings. Leak detection is conducted using Flooded Member
Detection (FMD).

The TTMS is also employed as part of the load management system dedtityipotential high
or low-tension values in the tendons or failure of the tendons. It is not believed that the TTMSs
are sensitive enough to identify a leak in a tendon or other degradation progression.

The frequency of these inspections is every twothree years and is coupled with the
underwater hull inspection cycle

3.4. Tendon Inspection Technologies
3.4.1. Current Practices

Typical tendon inspections are conducted via ROV and include visual, cathodic potential and
flooded member detectionThese are stasard offshore subsea inspection technologies used for
many different asset typeand systems (e.qg., hull, riser, catenary moorings, .etc.)

When required, other technologies have been used to more explicitly evaluate specific
components of tendon system§hese have primarily focused on the flex bearings at the top and
bottom connectors. These have involved high definition cameras mounted on unique systems to
access hard to reach areas, particularly inside the bottom connectors, to provide visual imdicatio
of the state of the flex bearings, looking for wear, bulges or other degradation. These inspections
also involve some level of cleaninfhe use of water cavitation tools to clean tendon
components, especially the elastomer within a top or bottom conoecis becoming more
prevalent Cavitation blasting can efficiently clean marine fouling off of the tendon components
without damaging either steel or rubbeifter cleaning the elastomer, a 3D laser mapping of the
elastomer can be performedvhich allowdor dimensional changes and shape characteristics to
be clearly seerRecent experience with failed flex elemewts risers and tendonkas provided

a good background for understanding and identifying possible failures.

3.4.2. Future Technologies

In large partfuture technologies are driven by specific issues that arise or problems that need to
be solved. One operator has indicated that a tool is b&ogsidered that could perform UT
measurements on a girth weld for use on critical locations. Whether this simdar NDT
technology is made available depends on the need for close examination of tendon welds.

Another example is the development of automated phased array acoustic techniques for
examining welds in underwater applicatio$is technology has beersed during fabrication of
a number of TLP systems and is now being developed for ROV operation in tendon inspection
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3.5. TLP Operator Discussions
3.5.1. Observed Common Designs and Integrity Management Practices

As part of this project, meetings were set up witldiidual TLP operators to discuss how they
manage the integrity the tendon3able3.1 provides a summary of the information gathered as
part of the TLP operator discussg Unique responses from the discussiome also provided
These tended to be activities that were not common across the operators.

Energo Engineeriffp601 Jefferson Strfétouson, TX 77002 U$Ael:(713) 753990 Fax: 713534548
www.energoeng.com




Integrity Management Process of Tension Leg Platforms

BSEEProject Number: E17PC00018

Page25
September 2018

Table3.1 ¢ CommonDesign and Integrity ManagemerRractices

Question

Common Response

Unique Responses

Tendon Dsign Philosophy

What design standards / practices were
followed?

Many GOM TLPs are classed and as such
follow class guidance for floating productior]
systems. All followed the API 2T guidance i
place at the time of the design.

Particularly for the arlier TLP
installations, corporate guidance and if
house standards were followed in
addition to the common industry
guidance.

How was redundancy built into the system?

Many facilities were designed to withstand
level of loading with a single tendon liaie. A
common design approach is to have a leak
before failure philosophy such that the
tendon is strong enough to withstand a high
level of loading with a through thickness
crack.

At least one operator has considered &
condition with two tendons failed
though this could not be sustained for
certain TLP configurations.

What factors of safety were used?

The common fatigue factor of safety used
even for the earliest TLPsasleast10 times
the service life.

What load conditions were considered?

Designgypically have addressed at a
minimum 100year storm cases (both wind
and wave driven), operational cases, fatigu
cases often including consideration for high
stress, low cycle hurricane conditions, and
special cases such as loop currents, VIM a
VIV.

More recently, survival cases
considering a 1,00Qear storm
condition have been included. This
became a part of API 2T in the 3rd
Edition.

Is there full documentation available for the-a
built / as installed tendon system?

The assets still operated by tloeiginal
organization have the most complete set of
data.

At least some of the operators that hav
purchased existing assets have a gooq
set of records.
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Table3.1 ¢ CommonDesign and Integrity ManagemerRractices

Question

Common Response

Unique Responses

What barriers/safeguards were designed into
the system (coatings, anodes, etc.)?

It is common to us@ combination of
coatings and anodes with special attention
the top and bottom connectors (e.g.,
corrosion cap)Both distributed anodes alon
the length of the tendon, and grouped
anodes at the hull and on the foundation pil
to protect the tendon ar&common.

Some assets incorporated more
corrosion resistant materiae.g.,
duplex stainless steefgpr the tendon
body.

Connections (Mechanical and Welded) Desig

n Philosophy

What design standards were followed?
1 Class (e.g., ABS, DNV)
1 Industry (e.g., ARISO)
1 Corporate (irhouse standards /

Many GOM TLPs are classed and as such
follow class rules for Floating Offshore
Installations (FOIs). All followed the API 2T
guidance in place at thiéme of the design.

Particularly for the earlieTLP
installations, corporate guidance and i
house standards were followed in
addition to the common industry

practices) guidance.
What factors of safety were used? A common fatigue factor of safety used for | The earlier designs used a higher fact
1 Strength more recent designs is 10 times tkervice | of safety for connectors, 40 was used §

1 Fatigue Life

life.

least through the late 90s on some
designs. A value of 20 has also been
used.

Was strength and fatigue testing carried out ¢
mechanical connectors and othesraponents?

This is not typicdbr more recent designs
which have relied on the performance of
previous, similar components in service.

Ealy designs commonly tested
components such as the flex bearings
and segment connectors (e.g., Merlin
connectors) to pove their strength and
durability

What QC requirements were imposed on
welds?

In order to meet the design philosophy of
withstanding a through thickness crack and
that a crack will not expand around the
circumference before it could be identified k
inspection the initial acceptable flaw size
must be carefully controlled during

fabrication.
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Table3.1 ¢ CommonDesign and Integrity ManagemerRractices

Question

Common Response

Unique Responses

What connections/components were
O2y&aARSNBR adzyAyaLlSo

For most tendon configurations the inside o
the tendon bodiesandthe lower side of the
bottom flexelement are uninspectable. For
typical inspection processes both the top ar
bottom connectorinternal working are
uninspectable.

Some operators have made use of HD,
cameras and laser scanning either by
divers or ROV to inspect flex bearings.

| 26 oSNBISOdzyaf&e O2Y
in design (e.g., high safety factors, more
rigorous testing)?

The safety factors used assume that the
components cannot be inspected

Tendon IM Philosophy

How did you develop the integrity
management program for the tendons?
Did you use risbased approaches?

For those assets that are or were classed,
class guidance was followed forservice
surveys. ISIPs are developed to meet USC
regulations. Generallyisk-based approaches
have not been used since they have not be
accepted by regulators until recently.

At least one asset has developed a-isl
based inspection program for their TLH
based on new guidance from regulator

How often do you normally inspect the
tendons?

The tendon inspections are usually conduci
as pat of the overall UWILD survey progran
and are typically conducted on a twige
five-year cycle.

One asset is on a three times in five
years cycle. And several assets are on
once in five years cycle.

What is the typical inspection scope during af
inspecton?

Almost all operators use an ROV to conduc
general visual inspections, cathodic potenti
readings and flooded member detection
(FMD) for their tendons

One operator indicated that no regular
FMD was conductednly visual
inspections.

What inspection échniques/technology is
used?

For tendons

For mechanical connections

For welded connections

1
1
1
1

Flex elements

In typical survey cycles no special
technologies are used for any of the
components beyond what is described abo
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Table3.1 ¢ CommonDesign and Integrity ManagemerRractices

Question

Common Response

Unique Responses

What group within your organizain manages
tendon integrity management (e.g., structures
subsea, etc.)?

Most operators have an integrity group that
addresses topsides, hull and subsea integr
These groups usually address tendon
integrity as part of the hull integrity group.

At leastone operator uses facilities
engineering groups to handle integrity
programs

Do you use monitoring data (tendon tension,
motions or environmental) to manage the
integrity of the tendons?

The tension data is typically displayed and
used real timeas partof the load
management systerwithin the ballast
control room However, ypicallytension
monitoringand otherdatasimply captured
and stored, often remotely, buhe data is
not processed or reviewedn aperiodicbasis
to investigate trends as part ¢éndon
integrity management.

One operator doegeriodically
interrogate the data collected and
investigate tension trends and changes
as part of their integrity management
program.

Tendon Performance History

Have any anomalous conditions been
observed?

The majority of anomalies identified have
been minor including abrasion dama@sten
attributed to installation)to coatings and
debris.

One operator has identified significant
degradation of the top flex connectors.
Substantial coating damage has been
observed on at least one installation.

Have there been any repairs or significant
changes in your integrity management progrg
been implemented to address anomalies?

Most tendons have had no issues that requ
repairs, or changes to the integrity program

One operatorhas implementedh
replacement of their top flex connector

How has the CP system performed to date?

Most CP systems have performed well with
no anomalous conditions

One operator has installed anode sled:
to augment the existing CP system

Tendn Life Extension Philosophy

Has a Life Extension process been considere
implemented?

A number of assets are considering or are
implementing life extension programs for
their assets
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Table3.1 ¢ CommonDesign and Integrity ManagemerRractices

Question

Common Response

Unique Responses

How has monitoring data been used or plann
to be used?

There isa mix of how the existing data set
from monitoring is being or planned to be
used, but most operators intend to or are
using themonitoringdata in some form
particularly with respect to investigating
fatigue life

One operator has not used their data g
to support life extension

What have been some of the challenges to
extending the life of the tendons?

Tendon related challenges have mostly
centered on demonstrating the suitability of
the flex bearings to continue use beyond
their original service life.

What have some of the considerations been {
address these challenges?

A variety of approaches have been used to
address the flex bearing question including
manufacturer data and testing, additional
analysis, more extensive inspection data
gathered andutright replacement.

Has the use of new inspection
techniques/technology been a consideration?

In some cases, new capabilities have been
are planning to be implemented including H
imaging, laser scanning, various tools to
access hard to reach areasd new NDT
technologies (e.g., UT measurements for g
welds)

Tendon Monitoring (TTMS)

Do you have a TTMS system?

All operators contacted indicated that they
do have a TTMS system on their assets

Does it function (fully, partially)?

Most assetshiat have been operating for ter
or more years have only partial function in
their systems though generally they have
enough data to adequately characterize

tendon tensions for all tendons.

One operator indicated that all load cel
on one asset are inopebte
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Table3.1 ¢ CommonDesign and Integrity ManagemerRractices

Question Common Response Unigue Responses

Which tendons are monitored (all, one per Most assets have systems that monitor eac
corner)? tendon though there are several assets tha
have only 1 or 2 tendons per corner that are
actively monitored as per the original desigr
Have any componestbeen repaired/replaced?y Most assets in service for a number of year
have had to make some repairs to their
system, most typically to the cables.

How is the data used All assets use the data to feed into their loa] One operator doegeriodically
management systems but generally thatall | interrogate the data collected and

the data is used for. Most assets keep som( investigate tension trends and changes
amount of data long term though it is not | as part of their integty management
activelyprocessed and reviewed program.
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3.5.2. Tendon Inspection Practices and Observed Anomalies

Table 3.2 provides a summary of the general tendon inspection practices and observed industry
anomalies.
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Table3.2 ¢ GeneralTendonInspection Practices and Observed Anomalies

Damage Damage Detection Inspection Methods . : e
Component Mechanigsms Indicatgrs Methods GF()eneraI Practice USRI AIBITENIEE el Mg
Hull- Strength Buckle or GVI Typical inspection for &ITLP inspection plang wDebris entangled with structure and/or TTMS
Tendon Fatigue deformation CViI (as applicable per features): cabling- very common, especially oFfLPs closest
Porch Other Crack NDE w Dptehtire porch structure looking for to shore
Corrosion CP signs of impact damage (areas of Aamiform 5So0NR& NBY20SR I YyR

marine growth, dents, buckles, etc.), debris
(typically found resting on porch or entangle
in cable rack and/orTMS conduit), cracking,
or corrosion.

w al NAYyS DN g i thickaeSd &
and type (hard/soft) of marine growth is
estimated

w /t aS|I & deBansdic pratection
for the porch is included within the hull
design, as they are fully integrated inthe

hull and not electrically isolated. CP reading
are taken on the porch to confirm adequate
protection.

Additional Special Inspection Scope (Not
common to all TLP inspection plans):

w /intay of critical inspection points (e.qg.
stress concentratins, low fatigue life etc.)
usually requires cleaning performed by wate
blaster (Workclass ROV or divers)

w bibway of locations subjected to GVI

performed by diver

damage. Damage mitigations performed on a
caseby-case basis

Energo Engineerirfp601 Jefferson Strfi¢touston, TX 77003A Tel:(713) 7539901 Fax: 713534548

www.energoeng.com




Integrity Management Process of Tension Leg Platforms
BSEEProject Number: E17PC00018

Page33
September 2018

Table3.2 ¢ GeneralTendonInspection Practices and Observed Anomalies

Damage Damage Detection Inspection Methods . : e

Component Mechanisms| Indicators Methods General Practice L7l A T A el
Tendon Top | Strength Elastomer CViI Typical inspection for all TLPs (as applicabl¢ wDamaged elastomer (budges and/or extrusier
Connector | Fatigue Irregular Bulge| CP per features): has occurred at least once in GOM (all tendon
Assembly Other and Extrusion | measurement| w Detitike top connector looking for signs g connectos on asset)

- Indicates impact damage (areas of namiform marine az2yAd2N) I yR NBLJoihtOS

overstress growth, dents, buckles, etc.), debris (typically

Area mising found resting on porch or entangled in cable

marine grown rack and/or TTMS conduit), cracking, or

(irregular corrosion. Visually confirm corrosion cap is

marine intact and in proper position.

growth) - w /oftc@nnector elastomer for irregular

Indicates bulge and extrusion (indicates overstress) ar

potential latch segment

impact I &ALISOALFEAT SR Of St

Corrosion designed to clean and obtain laser mapping

the elastomer (Flexdoint Cleaning Tool)
w al NAYyS DN g i thickaeSs &
and type (hard/soft) of marine gth is
estimated

w /t aS|I & dmeBansdic pratection
for the top connector is verified by obtaining
CP readings on the connector

Additional Special Inspection Scope (Not
common to all TLP inspection plans):

w | 5 aof leR&enents to allow faBD
modeling (worst 2 elements only). Models
clearly show small bulges or deformations.

Note: This technology is new in industry
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Table3.2 ¢ GeneralTendonInspection Practices and Observed Anomalies

Damage Damage Detection Inspection Methods . : e

Component Mechanisms| Indicators Methods General Practice L7l A T A el
Tendon Top | Strength Area missing | CVI Typical inspection for all TLPs (as applicablg wDebris entangled with structure, TTMS cablin
Connector | Fatigue marine grown | CP per features): and/or LAJ- very common, especially on TLPs
Assembly Other (irregular measurement| w Dbfeltire length. Check condition of LA{ closest to shore
Pipe Section marine and TTMS conduit, couplings, and faigng 5So0NR& NBY20SR I YyR

growth)- Inspect for damage, debris, coating conditio] damage. Damage mitigations performed on a

Indicates cracking, and corrosion. caseby-case basis

potential w ! y2RS -dhnllafollef Bracelets

impact w al NAyS 3INEgGusuayS| &

damage to estimated at lower box connector

coating w /'t aS|I & dsNallyyiakeh @tdower

system, connector box

depleted

sacrificial Additional Special Inspection Scope (Not

anodes, common to all TLP inspection plans):

and/or w Dseope as described above with both

corrosion sides inspected (two ROV passes at 180°

greater than heading change)

allowance w /oftahy transition girth welds

included in w | 5 af ahRIBwest bracelet anodes for

design (if any) CP assessent or photogrammetry

Corrosion
Top Tension| Damaged Loose or GVI Typical inspection for all TLPs (as applicablf Damaged or loose cables
Monitoring | cabling or severed per features): Debris entangledih TTMS
System sensors cabling w Dokchbling and load cellinspect for

Observed damage, debris

tenson signal

deterioration

or blackout
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Table3.2 ¢ GeneralTendonInspection Practices and Observed Anomalies

Damage Damage Detection Inspection Methods . : e
Component Mechanisms| Indicators Methods General Practice L7l A T A el
Tendon Strengh Tendon GVI Typical inspection for all TLPs (as applicablg wPartially flooded tendon. Water entry is
Main Bodyc | Fatigue Flooding CViI per features): believed to have occurred during installation.
Pipe Other Motion (VIV) | CP w Dpteltire pipe length. Visually inspect | Subsequent inspé¢ions have fand no additional
Sections Corrosion measurement| external coating system, welds, tendon water within the tendon- One occurrence on a
FMD transitions, markings,red any visible non-GOM asset

cablings/conduit. Strakes should be inspectg

for damage. Fairings should be inspected fo
freedom of movement and damage.

w ! y2RS -dhnllafollef Bracelets

w al NAyS 3INEgGusuayS| &
estimated at lower box connector

w Measurements- usually taken at lower
connector box

Additional Special Inspection Scope (Not
common to all TLP inspection plans):
wGVIscope as described above with both
sides inspected (two ROV passes at 180°
heading change)

wCVlof any transition gith welds
wFMDtaken directly above any internal
bulkheads if a flooded tendon segment is
found, is it considered an indication of
through cracking

yrtel s iz
and monitor
wBand clamps securing strakes/fairings found
broken/missing. Buckled or torn strakes or
fairings.- Very common after ~§ears
/| £SIFEYAy3 2F YINRYS
movement of fairings Note: For some tendons
fairings are only required during installation
" +xAadzt AyaLsSOoGAzy 2
induced vibration/movement
w /[ 2 GA Y 3-verNBrinomRifer-
years
" a2y Al2NI F2NJ FdzNIKSN
w 58So0NR& Syidly3atSySyi
very common, especially on TLPs closest to sh
wSY2@0S o0AF RSSYSR a
w [/ 2 NNighachrebslon is common, pitting
and heay corrosion has not been reported
a2ZyAG2N) F2NJ LIAGOAY 3
severe corrosion is present perform FMD
w | AIKE & RSLIX Si QRiformy 2
anode depletion Has been seen multiple times
on GOM TLPs
¢F1S /t NBI dedsyidingIutuné
inspections. Note: have not seen low CP readir|
on tendon body

RSGSN¥YAY
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Table3.2 ¢ GeneralTendonInspection Practices and Observed Anomalies

Damage Damage Detection Inspection Methods . : e
Component Mechanisms| Indicators Methods General Practice L7l A T A el
Tendon Strength Corrosion GVI Typical inspection for all TLPs (as applicabl§ wCoating breakdowrvery common after ~5
Main Body- | Fatigue Crack per features): years
Connectos | Other w Dokcbupling looking for dentsvear, az2yAld2N) F2NJ FdzNIKSN

coating breakdown, corrosion, and signs of
cracking.

Additional Special Inspection Scope (Not
common to all TLP inspection plans):
wGVIscope as described above with both
sides inspected (perform 360° or two pass)

Note: Ability to inspect afteinstallation is
limited (considered nofinspectable). Pre
installation inspections are more restrictive
than typical industry standards (e.g., All girth
welds are 100% inspected by visual
ultrasonic, radiographic (gamei, and wet
fluorescent magnetic péicle examination
methods. Further ultrasonic and wet
fluorescent magnetic particle examinations
are repeated using different technicians).

wCorrosion light corrosion is common, pitting

and heavy corrosion has not been reported
a2yAG2NI F2NJ LIAGGAY3

severe corrosion is peent perform FMD
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Table3.2 ¢ GeneralTendonInspection Practices and Observed Anomalies

Damage Damage Detection Inspection Methods . : e
Component Mechanisms| Indicators Methods General Practice L7l A T A el
Tendon Strength Elastomer GVI Typical inspectin for all TLPs (as applicable | wCoating breakdowrvery common after ~5
Bottom Fatigue Irregular Bulge| CVI per features): years
Connector | Other and Extrusion | CP w Demtite bottom connector (perform 360°]° a2y A G2 NJ F2NJ FdzNI KSN
Assembly - Indicates measurement| looking for signs of impact damage (dents,
overstress FMD buckles, etc.), debris lodged in flex element,| wCorrosion-light corrosion is common, pitting
Debris lodged cracking, coating breakdown, or corrosion. | and heavy corrosion has not been reported
within pile Confirm external pins are propgrinserted a2yAG2NI F2NJ LIAGGAY3
Lock ring and latched, internal rigid link/ring is in
rotated to position wLow CP readings and/orghly depleted anodes|
unlocked w ! Y2 RS -dhullafolleg Bracelets | - Has been seen multiple times on GOM TLPs
position w alNAYyS ANRgGRmMdIly d° ¢+1S FRRAGAZ2YFE [t
Corrosion no marine growth is observed at the bottom | during future inspections. Installation of anode

connector due to depth

w /t a$| & do\dBters goindctor
(Note: thick coatings on bottom connector cg
prevent CP probes from penetrating for
metallic contact)

Additional Special Inspection Scope (Not
common to all TLP inspection plans):

w /ofahy transition girth welds

w Caken as low as possible (just above
obstructed assess due to pile receptacle if a
flooded tendon segment is found, is it
considered an indication of through cracking

sled/retropods.
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Table3.2 ¢ GeneralTendonInspection Practices and Observed Anomalies

Damage Damage Detection Inspection Methods . : e

Component Mechanisms| Indicators Methods General Practice L7l A T A el
TendonPile | Strength Debris lodged | GVI Typical inspection for all TLPs (as applicablg w / 2 I { A y 3 - vérNBrinjoiR&ter y5
and Fatigue within pile CP per features): years
Receptacle | Other receptacle measurement| «w Dbentire pile receptacle (conducted " Monitor for further breakdown and corrosion
Receptacle Lock ring 360° visual pass) looking for dents, wear,

rotated to coating breakdown, and any signs of w [/ 2 NNigh&cbredslon is common, pitting

unlocked corrosion. Check grounding wire connection| and heavy corrosion has not been reported

position, if to pile anode sleeve. a2yAG2NI F2NJ LIAGGAY3

applicable w ! Y2 RS -BlyBrifguadation

Corrosion guide assembly (anode sleeve) w [26 /t NBIRAY3Ia YR

w / t wSTakerioyi thé pile receptacle
and the anode sleeve

Additional Specialnspection Scope (Not
common to all TLP inspection plans):
w | 5 af leR&ements to allow for 3D

modeling. Models clearly show small bulges|”

deformations. Note: This technology is new

industry

- Has been seen multiplémies on GOM TLPs

¢CF1S FRRAGAZ2YIT [t
during future inspections. Installation of anode
sled/retropods.

wDebris lodged in receptacle
LT L2aaArotsS NBY2QSR
components for damage
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